The Pt(bodipy)(mercaptopyrene) dyad BPtSPyr shows four different emissions: Intense near-infrared phosphorescence (ph up to 15%) from a charge-transfer state pyrS + PtBDP -, additional fluorescence and phosphorescence emissions from the 1 ππ* and 3 ππ* states of the bodipy ligand at r. t., and phosphorescence from the pyrene 3 ππ* and the bodipy 3 ππ* states in a glassy matrix at 77 K.
MesPtSPyr, where the BDP chromophore is replaced by mesityl (Mes, Mes = 2,4,6-trimethylphenyl) from newly synthesized trans-PtBr(Mes)(PEt3)2 (for synthetic details and NMR spectroscopic characterization see ESI † and Fig. S1 -S18 therein). The electronic absorption spectrum of MesPtSPyr is dominated by the band of the mercaptopyrene ligand at 431 nm ( Fig. 1 ). On excitation into this band MesPtSPyr exhibits dual fluorescence and phosphorescence emissions, at r.t. and at 77 K. Both emissions emanate from the mercaptopyrene ligand as follows from the typical shapes of the emissions and their lifetimes (Fig. S19-S25, ESI † and Table 1 ). 5, 16, 17 ISC in MesPtSPyr is obviously triggered by the heavy-metal effect of the attached Pt ion, similar to what has been observed in Pt complexes with a bonded pyrenyl ligand. 5, 16, 17 BPtSPyr reveals a three-band absorption pattern comprising of the structured pyrS-based ππ* band at 350-425 nm, the bodipy (BDP) ππ* absorption at 470 nm, and a partially overlapping, weaker pyrS-to-BDP charge-transfer (PB-CT) band at ca. 500 nm. The latter has no equivalent in the precursors BPtI and MesPtSPyr (Fehler! Verweisquelle konnte nicht gefunden werden.ESI †). The above band assignments are supported by time-dependent density functional theory (TD-DFT) calculations ( Fig. S26 , ESI †). According to our calculations all transitions are ligand-based with only minor Pt contributions to the corresponding donor and acceptor orbitals (Table S2 ). In line with a CT character, the PB-CT excitation is solvatochromic while the pyrS and BDP ππ* absorptions are only modestly influenced by solvent polarity (Fig. S27 , ESI †). Importantly, and in contrast to MesPtSPyr, BPtSPyr exhibits four different emissions depending on excitation wavelength, solvent polarity and temperature ( Fig. 2 ). As shown in Fig. 2a , excitation into the PB-CT absorption band at 520 nm leads to broad and unstructured NIR emission with a quantum yield of 8% in toluene. The emission shifts red with increasing solvent polarity, from 724 nm in toluene to 784 nm in THF and to 816 nm in acetone (Table 1 ). Its strong solvatochromism and the lifetime of 6.7 μs in toluene (for lifetime decays see Fig. S28 -S30, ESI †) indicate that this emission emanates from the 3 PB-CT state. We note that heavy atom-free donor-substituted BDPs were also shown to undergo efficient ISC to the T1 state via an excited CT state; the latter systems are, however, nonphosphorescent. [18] [19] [20] Excitation into the BDP ππ* absorption band at 470 nm (Figs 2b and S31, ESI †) opens two further radiative pathways: BDPbased fluorescence at 484 nm and phosphorescence at 635 nm are observed in addition to the 3 PB-CT emission. Changing the solvent from toluene to THF or acetone increases the energy separation between BDP 3 ππ* and the 3 PB-CT states and allows for tuning of the emission color from red in toluene (CIE coordinates 0.6052/0.3211 in THF) to almost white in THF (CIE coordinates: 0.2209/0.3206) or acetone (CIE coordinates 0.3357/0.2901). Concomitantly with its red-shift the lifetime of the 3 PB-CT emission decreases from 6.7 μs in toluene solution to only 2.4 ns in acetone ( Fig. S30a , ESI †). This in turn increases the intensity ratio of the 1 ππ*/ 3 ππ* to the 3 PB-CT emissions (Fig.  2b ). We note that the BDP-based emissions of BPtSPyr are not due to contamination with the BPtI precursor ( Fig. S32 , ESI †). Triple emission upon excitation into the BDP ππ* band at 470 nm indicates that ISC from the 1 ππ* to the 3 ππ* state of the BDP ligand as well as formation of the 1 PB-CT state and subsequent ISC to the 3 PB-CT state occur at similar rates as fluorescence from the BDP 1 ππ* state. When the sample is excited into the pyrS ππ* band at 415 nm, again solely 3 PB-CT emission is observed, but with an even increased quantum yield of 15% (exc = 420 nm) as compared to 8% for exc = 520 nm ( Fig. 2a,c 
rendering BPtSPyr a powerful NIR emitter. All the above Please do not adjust margins Please do not adjust margins conclusions are fully supported by excitation vs. emission maps and excitation spectra ( Fig. S33, S34 , ESI †). Emission spectra recorded in a glassy Me-THF matrix at 77 K show only two features, irrespective of the excitation wavelength: the 3 ππ* BDP emission with a maximum at 635 nm and a typical lifetime of 279 μs (Fig. S35 , ESI †) as well as a structured emission enveloping the region in from 649 to 750 nm (Fig. 2d ). This latter feature and its lifetime of 1.12 ms (Fig.  S35 , ESI †) are typical of a pyrene-based 3 ππ* emission. 5, 16, 17 The 3 ππ* excited states of the BDP and pyrS ligands are hence both accessible from excitation into any band in the rigid matrix. This indicates that, at 77 K, population of the close-lying BDP and pyrS 3 ππ* from the 1 PB-CT state of BPtSPyr is more rapid than direct intersystem crossing to the 3 PB-CT state and that deactivation to the 3 PB-CT state is blocked under these conditions. One possible explanation is that the 1 PB-CT and 3 PB-CT states possess very similar nuclear coordinates and the BDP and pyrS 3 ππ* potential wells have more easily accessible intersections with the 1 PB-CT potential well. Previous studies have similarly demonstrated direct singlet-to-triplet electrontransfer by spin-orbit coupling. [21] [22] [23] The Jablonski diagram of Scheme 2 summarizes the processes following the different excitations of BPtSPyr. Electronic decoupling of the pyrS-and the BDP-localized 1 ππ* states, as indicated by the confinement of the HOMO to the pyrS and of the LUMO to the BDP ligand ( Fig. S26, ESI †) , explains the absence of pyrS to BDP energy transfer from the pyrene-based 1 * state S3 and of any BDP emission after excitation into the pyrS ππ* band at 415 nm. The BDP-based 1 ππ* and 3 ππ* states S2 and T3 are thus exclusively populated by excitation into the BDP 1 ππ* band. In contrast, the 3 PB-CT state, which constitutes the energetically lowest excited triplet state T1, is accessible from all three excited singlet states, either via IC to the 1 PB-CT and subsequent ISC, or via ISC and subsequent electron transfer from the higher-lying pyrS-based T2 and BDP-based T3 states (note that MesPtSPyr also undergoes ISC from the pyrenebased 1 * state). At 77 K, direct singlet to triplet electrontransfer from the 1 PB-CT state allows population of the pyrSand BDP-based triplet states T2 and T3 (blue arrows in Scheme 2) and renders the pyrS-based phosphorescence emission observable, which, at r.t., is quenched by rapid decay into the lower-lying 3 PB-CT state.
The proposed excited state cascade is further supported by transient absorption (TA) spectroscopy in THF. TA spectra recorded over the first 200 ns after excitation are very similar to each other, irrespective of whether the sample is excited at 410 (pyrS), 470 (BDP), or 532 nm (PB-CT absorption) ( Fig. 3 and Fig. S36 , ESI †). Three main features are observed: The bleached pyrS and BDP ground state absorption signals at ca. 400 nm or 470 nm, and an excited state absorption (ESA) signal at 550 nm, which we assign to the pyrS + radical cation (vide infra). Identical monoexponential kinetics with a common time constant of 50 ns were found for all three transients when excited at 532 nm (for single point kinetics for each TA feature see Fig. S37 , S38, ESI †). When excited into the BDP absorption at 470 nm the features at 415 nm and 550 nm still have a time constant of 50 ns, but the bleach recovery at 475 nm has much longer kinetics of 16.5 μs in THF. This is in accordance with the long-lived BDP 3 ππ* excited state in that solvent (red trace in Fig. S37a , ESI †). Transient absorption bleach recoveries and decays match the luminescence lifetimes in all cases. This corroborates that none of the observable emissions originate from impurities but represent inherent photoluminescence from BPtSPyr. The common CT state after excitation should exhibit spectroscopic features similar to the oxidized and reduced forms of BPtSPyr. Cyclic voltammograms show a reversible oxidation at +0.18 V and a reduction at -1.97 V against the ferrocene/ferrocenium couple ( Fig. S39 and Table S3 , ESI †). This allowed us to experimentally probe the UV/Vis/NIR features of the oxidized and reduced forms of BPtSPyr by means of Please do not adjust margins Please do not adjust margins spectroelectrochemistry. Upon oxidation, the pyrS-based ππ* absorption band bleaches while the BDP ππ* band exhibits an only minor red-shift of 316 cm -1 (Fig. 4 ). Based on literature data 24, 25 and the results of our TD-DFT calculations ( Fig. S40 and Table S4 , ESI †), the new absorption bands at ca. 520, 550, 750, and 1000 nm can be assigned to ππ* transitions of the pyrS + radical cation. When BPtSPyr is reduced, the BDP ππ* and the PB-CT absorption bands bleach while the pyrS-based ππ* band experiences a moderate red-shift. The weak new band at 518 nm constitutes mainly a ππ* transition of the BDP ligand ( Fig. S41 and S42 , Table S5 , ESI †); it is essentially identical in shape and energy to that observed for BPtI -. 9 Calculated spin densities for the BPtSPyr radical cation and anion also agree with a pyrS-based oxidation and a BDP-based reduction ( Fig. 5 and Table S6 , ESI †). The results of our spectroelectrochemical experiments and our calculations thus confirm our assignment of the ESA signal to the pyrS + constituent as well as the character of the HOMO and LUMO of BPtSPyr.
In summary, the BPtSPyr dyad combines several remarkable features. It constitutes an extremely rare case of a compound showing emissions from four different excited states and acts as a powerful NIR emitter. Its emission profiles and colour can be tuned by the excitation wavelength and solvent polarity from deep red to almost white. The crucial role of the pyrS + Pt-BDP charge-transfer state within the excited state cascade was identified by TA spectroscopy, spectroelectrochemical methods and TD-DFT calculations.
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